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STATEMENT OF INTENT

The Consultative Committee for Space Data Systed@SPS) is an organization
officially established by the management of its rhers. The Committee meets
periodically to address data systems problemsatgatommon to all participants, and
to formulate sound technical solutions to thesdlgms. Inasmuch as participation in
the CCSDS is completely voluntary, the results oim@ittee actions are termed
Recommended Standardsind are not considered binding on any Agency.

This Recommended Standardis issued by, and represents the consensus of, the
CCSDS members. Endorsement of tRiecommendationis entirely voluntary.
Endorsement, however, indicates the following usi@erdings:

0 Whenever a member establishes a CCSDS-rekitedtiard, this standard
will be in accord with the relevarRecommended Standard Establishing
such astandard does not preclude other provisions which a membay m
develop.

o Whenever a member establishes a CCSDS-redtdedard, that member will
provide other CCSDS members with the following mfation:

-- Thestandard itself.
-- The anticipated date of initial operational @hitity.
-- The anticipated duration of operational service

0 Specific service arrangements shall be made \@mananda of agreement.
Neither this Recommended Standardnor any ensuingstandard is a
substitute for a memorandum of agreement.

No later than five years from its date of issuanicis, Recommended Standardwill
be reviewed by the CCSDS to determine whether dukh (1) remain in effect
without change; (2) be changed to reflect the irhpEcnew technologies, new
requirements, or new directions; or (3) be retwedanceled.

In those instances when a new version dRecommended Standardis issued,
existing CCSDS-related member standards and impitatiens are not negated or
deemed to be non-CCSDS compatible. It is the resipiity of each member to
determine when such standards or implementatiantodse modified. Each member
is, however, strongly encouraged to direct plannfog its new standards and
implementations towards the later version of thedR@mended Standard.
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FOREWORD

This document is a Recommended Standard for AdiDdta Messages (ADMs) and
has been prepared by the Consultative Committe8gace Data Systems (CCSDS).
The set of attitude data messages described inRtsi®mmended Standard is the
baseline concept for attitude representation i@ daterchange applications that are
cross-supported between Agencies of the CCSDS.

This Recommended Standard establishes a commorevirark and provides a
common basis for the interchange of attitude dat#. allows implementing

organizations within each Agency to proceed colbrenith the development of
compatible derived standards for the flight andugh systems that are within their
cognizance. Derived Agency standards may impleroelyt a subset of the optional
features allowed by the Recommended Standard andimearporate features not
addressed by this Recommended Standard.

Through the process of normal evolution, it is etpé that expansion, deletion or
modification to this document may occur. This Raotended Standard is therefore
subject to CCSDS document management and chang®lcprocedures, as defined
in the Procedures Manual for the Consultative CommitteeSpace Data Systems

Current versions of CCSDS documents are maintah#te CCSDS Web site:

http://www.ccsds.org/

Questions relating to the contents or status &f deicument should be addressed to
the CCSDS Secretariat at the address indicatecdga ip
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1 INTRODUCTION
1.1 PURPOSE

1.1.1 This Attitude Data Message (ADM) Recommended Stahdpecifies two
standard message formats for use in transferriragespaft attitude information
between space agenciesd commercial or governmental spacecraft operattire
Attitude Parameter Message (APM) and the Attitugdndineris Message (AEM).
Such exchanges are used for:

— preflight planning for tracking or attitude estirnast support;
— scheduling attitude and data processing support;

— carrying out attitude operations;

— performing attitude comparisons;

— carrying out attitude propagations and/or sensediptions;

— testing to initialize sub-system simulators (comioations, power, etc.).

1.1.2 This Recommended Standard includes sets of regeiremand criteria that
the message formats have been designed to meet. exebanges where these
requirements do not capture the needs of the pmatieg agencies, another
mechanism may be selected.

1.2 SCOPE AND APPLICABILITY

1.2.1 This document contains two attitude data messagsigirked for applications
involving data interchange in space data systentee rationale behind the design of
each message is described in ANNEX E and may thapapplication engineer to
select a suitable message. Definition of theuatéitaccuracy underlying a particular
attitude message is outside of the scope of thisRemended Standard and should be
specified via Interface Control Document (ICD) bebm data exchange participants.
Applicability information specific to each Attitudeata Message format appears in
sections 3 and 4, as well as in annex subsection E3

1.2.2 This Recommended Standard is applicable only tontkesage format and
content, but not to its transmission. The transiois of the message between
agencies is outside the scope of this documenshadld be specified in an ICD or
by following a CCSDS standard on transmission.

1.2.3 Description of the message formats based on thefube eXtensible Markup
Language (XML) is available. Agencies should sfyeciia ICD, the ASCII file
format to be exchanged (Keyword Value Notation [K\IX XML).

CCSDS 504.0-B-1 Page 1-1 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

1.3 CONVENTIONS AND DEFINITIONS

The following conventions apply throughout this Beenended Standard:
a) the words ‘shall’ and ‘must’ imply a binding andrifiable specification;
b) the word ‘should’ implies an optional, but desiegtdpecification;
c) the word ‘may’ implies an optional specificatiomca

d) the words ‘is’, ‘are’, and ‘will’ imply statements fact.

1.4 STRUCTURE OF THIS DOCUMENT

1.4.1 Section 2 provides a brief overview of the CCSD&remended Attitude
Data Message types, the Attitude Parameter Meggdjjd) and Attitude Ephemeris
Message (AEM).

1.4.2 Section 3 provides details about the structurecamtent of the APM.
1.4.3 Section 4 provides details about the structurecamtent of the AEM.
1.4.4 Section 5 provides details regarding syntax ofAR& and AEM messages.

1.45 ANNEX A provides the Implementation Conformance t&teent (ICS)
requirements list.

1.4.6 ANNEX B provides a list of approved values for stéel keywords in the
ADM metadata sections.

1.4.7 ANNEX C details the conventions relative to ADM datised in this
document.

1.4.8 ANNEX D gives the complete list of changes betwa&M versions 1 and 2.

1.4.9 ANNEX E lists a set of requirements that were takea consideration in the
design of the APM and AEM, along with tables andcdssion regarding the
applicability of the two message types to varioustugle estimation tasks and
functions.

1.4.10 ANNEX F lists a number of items that should be gedein ICDs prior to
exchanging ADMs on a regular basis. There arerabggatements throughout the
document that refer to the desirability or necgseft such a document; this annex
lists all the suggested ICD items in a single piadhe document.

1.4.11 ANNEX G is a list of abbreviations and acronymslaggble to the ADM.

1.4.12 ANNEX H is a list of informative references.
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1.4.13 ANNEX | is relative to security, SANA, and patermtnsiderations.

1.5 REFERENCES

The following documents contain provisions whichrough reference in this text,
constitute provisions of this Recommended Standa#tthe time of publication, the

editions indicated were valid. All documents ambjsct to revision, and users of this
Recommended Standard are encouraged to investtgatgossibility of applying the

most recent editions of the documents indicatedvbel The CCSDS Secretariat
maintains a register of currently valid CCSDS Resmnded Standards.

[1] Information Technology—8-Bit Single-Byte Coded GiapCharacter Sets—
Part 1: Latin Alphabet No. .1 International Standard, ISO/IEC 8859-1:1998.
Geneva: 1SO, 1998.

[2] United Nations Office of Outer Space Affairs s#eelldesignator/index,
searchable at<http://www.unoosa.org/oosa/osoingex

[3] JPL Solar System Dynamics Pasadena, CA, USA: JPL.
<http://ssd.jpl.nasa.gov>

[4] Time Code Formats Recommendation for Space Data System Standards,
CCSDS 301.0-B-4. Blue Book. Issue 4. WashingtbnC.: CCSDS,
November 2010.

[5] XML Specification for Navigation Data Messagéghe XML Specification for
Navigation Data Messages Recommended StandardiltEessain integrated
XML schema set that is suited to interagency exghanof navigation data
messages, CCSDS 505.0-B-1. Blue Book. Issue lashiligton, D.C.:
CCSDS, December 2010.

[6] IEEE Standard for Binary Floating-Point ArithmeticlEEE Std 754-1985.
New York: IEEE, 1985.

[7] Orbit Data Messages Recommendation for Space Data System Standards,
CCSDS 502.0-B-2. Blue Book. Issue 2. WashingtbnC.: CCSDS,

November 2009. - { Commenté [LA1]: Will have to be updated

NOTE — Alist of informative references can be fdumn ANNEX H.

CCSDS 504.0-B-1 Page 1-3 May 2008






CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

2 OVERVIEW
2.1 ATTITUDE DATA MESSAGE TYPES

2.1.1 Two CCSDS-recommended Attitude Data Messages (ADdvis)Ylescribed in
this Recommended Standard: the Attitude Parametessbje (APM) and the
Attitude Ephemeris Message (AEM).

2.1.2 The recommended attitude data messages are AS@lifdemat. While
binary-based attitude data message formats are wtempfficient and minimize
overhead on uplinked/downlinked data streams, thare ground-segment
applications for which an ASCII character-based sage is more appropriate. For
example, when files or data objects are createtgusixt editors or word processors,
ASCII character-based attitude data format reptesiens are necessary. They are
also useful in transferring text files between hmgeneous computing systems,
because the ASCII character set is nearly unigrsaked and is interpretable by all
popular systems. In addition, direct human-reaglatdwnloads of text files or
objects to displays or printers are possible withpyaprocessing. The penalty for this
convenience is inefficiency.

2.1.3 As currently specified, an APM or AEM file is topresent attitude data for a
single vehicle.

2.2 ATTITUDE PARAMETER MESSAGE (APM)

2.2.1 An APM specifies the attitude state of a singleegbjat a specified epoch.
This message is suited to inter-agency exchangas () involve automated
interaction and/or human interaction, and (2) do meguire high-fidelity dynamic
modeling (for high-fidelity dynamic modeling, se82Attitude Ephemeris Message).

2.2.2 The APM requires the use of a propagation techniguitermine the attitude
state at times different from the specified epdeading to a higher level of effort for
software implementation than for the AEM. Whenriiad frames are specified, the
APM is fully self-contained and no additional infieation is required to specify the
attitude; if local orbital frames are specifiedetthan APM must be accompanied by a
corresponding Orbit Parameter Message (refergtied).

2.2.3 The APM allows for modeling of any number of finiteaneuvers and simple
modeling of solar radiation pressure and atmospherque. Note that an Orbit
Parameter Message (OPM) is needed for proper sadéation pressure modeling.
The attributes of the APM also make it suitabledpplications such as exchanges by
FAX or voice, or applications where the messagm ibe frequently interpreted by
humans.
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2.3 ATTITUDE EPHEMERIS MESSAGE (AEM)

2.3.1 An AEM specifies the attitude state of a singleegbjat multiple epochs,

contained within a specified time range. The AEM suited to inter-agency

exchanges that (1) involve automated interactiory.,(ecomputer-to-computer

communication where frequent, fast, automated titexpretation and processing are
required), and (2) require higher fidelity or higipeecision dynamic modeling than is
possible with the APM (e.g., flexible structurespre complex attitude movement,
etc.).

2.3.2 The AEM allows for dynamic modeling of any numbdrtorques (solar
pressure, atmospheric torques, magnetics, etchle AEM requires the use of an
interpolation technique to interpret the attitutites at times different from the tabular
epochs.

2.3.3 The AEM is fully self-contained; no additional imfoation is required when
inertial reference frames are specified. If lomddital reference frames are specified,
then an AEM must be used in conjunction with an iDEphemeris Message

(referencd7]F).

2.4 EXCHANGE OF MULTIPLE MESSAGES

For a given object, multiple APM or AEM messagesyrha provided in a message
exchange session to achieve attitude fidelity meooénts. If attitude information for
multiple objects is to be exchanged, then multhdRM or AEM files must be used.
2.5 DEFINITIONS

Definitions of time systems, reference frames,tuaté estimation and prediction

methods and models are provided in referefid€][H4}. ‘:Code de champ modifié
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3 ATTITUDE PARAMETER MESSAGE (APM)
3.1 OVERVIEW

3.1.1 Attitude information may be exchanged between tadigipants by sending

Parameter Message (APM). The message recipierttiraue an attitude propagator
available that is able to propagate the APM stateoimpute the estimated attitude at
other desired epochs. For this propagation, awtditi ancillary information
(spacecraft properties such as inertia matrix,uengectorsreaction wheel data, other
data from momentum exchange devicesaneuver planning data, if applicable, ) shall
be included with the message.

3.1.2 The use of the APM shall be applicable under tieviang conditions:
— an attitude propagator shall be available at theiver's location;

— the receiver's modeling of satellite attitude dymesn atmospheric torque,
other internal and external torques (e.g., magngtiavitational, etc.), thrust

maneuvers, and attitude control (see refer@rdd{H4}) must fulfill accuraty ( Code de champ modifié

requirements established via an ICD between thecee

3.1.3 The APM shall be a text file consisting of attitudieta for a single object. It
shall be easily readable by both humans and comgpute

3.1.4 The APM file naming scheme shall be agreed to orase-by-case basis
between the participating agencies, and shouldberdented in an Interface Control
Document (ICD). The method of exchanging APMs Ishaldecided on a case-by-
case basis by the participating agencies and dauaahén an ICD.

3.2 APM CONTENT

3.2.1 GENERAL

The APM shall be represented as a combinationeofatiowing:
a) aheader;
b) metadata (data about the data);
c) optional comments (explanatory information); and
d) data.
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3.2.2 APM HEADER

3.2.2.1Table3-13-1specifies for each header item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatmples (E);

d) values (either the list of all normative valueseramples);

e) whether the item is mandatory or optional.

3.2.2.20nly those keywords shown in tatiel-3-1 shall be used in an APM header.

Table 3-1: APM Header

Keyword Description N/E Values Mandatory

CCSDS_APM _VERS Format version in the form of ‘x.y’, where 'y’ is N 2.0 Yes
incremented for corrections and minor changes,»ind|
is incremented for major chanc

COMVENT Comments (allowed at the beginning of the APM E This is a No
Header after the APM version number). Each comment coment
line shall begin with this keyword.

CREATI ON_DATE File creation date/time in one of the followingrfuats: E 2001-11- Yes
YYYY-MM-DDThh:mm:ss[.d—d] or 06T11:17: 33
YYYY-DDDThh:mm:ss[.d—d] 2001-
where ‘YYYY' is the year, ‘MM’ is the two-digit 101711:17:33
month, ‘DD’ is the two-digit day, ‘DDD’ is the thee
digit day of year, ‘T" is constant, ‘hh:mm:ssfdi]' is
the UTC time in hours, minutes, seconds, and oatio
fractional seconds. As many ‘d’ characters torilet
of the period as required may be used to obtain the
required precision. All fields require leadingas

ORI G NATCR Creating agency. E CNES Yes
The value for the "ORIGINATOR" keyword "should" ESCC
come from the SANA Registry. GSFC

GsCoC

JPL

JAXA

O her agency

MESSAGE_ID ID that uniquely identifies a message froma | 201113 | No MESSAGE_ID
given originator. The format and content of the 719185
message identifier value are at the discretion df ABC-
the originator. 12_34

3.2.3 APM METADATA
3.2.3.1Table3-23-2specifies for each metadata item:
CCSDS 504.0-B-1 Page 3-2 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

a) the keyword to be used,;

b) a short description of the item;
c) whether the values are normative (N) values orguamples (E);
d) values (either the list of all normative valueeramples);

e) whether the item is mandatory or optional.

3.2.3.20nly those keywords shown in tate23-2 shall be used in APM metaJata.
For some keywords (OBJECT_NAME, OBJECT_ID, CENTERNNE) there are no
definitive lists of authorized values maintainedaygontrol authority; the references
listed in 1.5 and annex H are the best known seuareauthorized values to date.

Table 3-2: APM Metadata

Keyword Description N/E Values Mandatory

COMMENT Comments (allowed only at the beginninghef E This is a comment No
APM Metadata before OBJECT_NAME). Each
comment line shall begin with this keyword.

OBJECT_NAME Spacecraft name of the object corredipanto the E EUTELSAT W1 Yes
attitude data to be given. There is no CCSDS- MARS PATHFINDER
based restriction on the value for this keyword, hu
it is recommended to use international designatgrs
from the UN Office of Outer Space Affairs.

OBJECT_ID Spacecraft identifier of the object cepending to E 2000-052A Yes
the attitude data to be given. While there is no
CCSDS-based restriction on the value for this

keyword, it is recommended to use names from the
UN Office of Outer Space Affairs.

CENTER_NAME Origin of reference frame, which mayzmatural E EARTH No
solar system body (planets, asteroids, comets, and EARTH BARYCENTER
natural satellites), including any planet barycente MOON

or the solar system barycenter, or another
spacecraft (in this the value for

‘CENTER_NAME' is subject to the same rules as
for ‘OBJECT_NAME’). There is no CCSDS-
based restriction on the value for this keyword, hu
for natural bodies it is recommended to use names
from the NASA/JPL Solar System Dynamics

Group (referencg8II3h._ _ _ _ _ _ _ _ _ _ _ | T s j ‘[Mis en forme : Police :8 pt, Couleur de police : Automatiq]ue
TIME_SYSTEM Time system used for attitude and maredata E uTC Yes

(also see tabjg-33-3. The full setofallowed _ | | TAL | ____ __ 1 _ — { Mis en forme : Police :8 pt, Vérifier 'orthographe et la

values is enumerated in annex B, with an excerpt grammaire

provided in the ‘Normative Values/Examples’

column. Explanations of these time systems cal
be found inNavigation Definitions and

ConventiongreferencgH4lfH4h). | e N ] ~= - *[ Mis en forme : Police :8 pt

(D

R ‘{ Mis en forme : Police :8 pt, Couleur de police :

\\; Automatique, Vérifier I'orthographe et la grammaire

* | Code de champ modifié

(D

{ Mis en forme : Police :8 pt
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3.24 APM DATA

3.24.1 Table3-33-3provides an overview of the six logical blockstlie APM Data
section (attitude quaternion, attitude Euler angkgsin data, angular velocity data,
spacecraft parameters, maneuver parameters), anifiep for each data item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatnples (E);
d) values (either the list of all normative valueeramples);

e) whether the item is mandatory or optional.

3.2.4.2 Only those keywords shown in tab®e33-3 shall be used in APM data. Some
remarks concerning the keywords in tabld3-3appear immediately after the table.

3.2.4.3 There shall be as many logical blocks as necessary.

3.2.4.4 Any particular type of block may be repeated sdveraes.

Table 3-3: APM Data

- N/E Values / units Mandat
Keyword Description
ory

COMMENT One or more comment line(s). Each commiewet $hall E This is a comment No
begin with this keywort

EPOCH Epoch of the attitude elements & optionaidalg E 2001-11- Yes
blocks. 06T11:17: 33

Block: Attitude Quaternion

All mandatory elements are to be provided if thacklis present.

See ANNEX C for conventions and further detail.

COMMENT One or more comment line(s). Each commiewet $hall E This is a comment No
begin with this keyword. , Commenté [LA2]: Proposed simplification

DATAQUAT_START _| Indicator of start odate block nie | nie Yes _+ | (new syntax inspired by OCM)

e Typeofdata N QUATERNION ) ___1} { Mis en forme : Police :8 pt, Condensé de 0,1 pt

. . /

REF_FRAME_A Néme of the referenceAframe that defithe Stéﬁlng E Yes /" Mis en forme : Police :8 pt, Couleur de police :
point of the transformation. The full set of valigs ICRF /| Automatique, Vérifier I'orthographe et la grammaire
enumerated in annex B. For a definition of theséous INSTRUMENT_A / Condensé de 0,1 pt

L Va
frames, the reader is directed to refergHq{H}. e { Mis en forme : Police :8 pt, Condensé de 0,1 pt

REF_FRAME_B Name of the reference frame that dsfthe end point E Yes [ 46 de ch qifie
of the transformation. The full set of values is SC_BODY_1 Code de champ modifié
enumerated in annex B. For a definition of these STARTRACKER /, { Code de champ modifié
various frames, the reader is directedltvigation e { Mis en forme : Police :8 pt

N . Hay). 7 - , .
Definitions and ConventioriseferencgridliHa). _ 1 f .} ] — = <~ = 7 Mis en forme : Police :8 pt, Couleur de police :
“. | Automatique, Vérifier I'orthographe et la grammaire
\fMis en forme : Police :8 pt

e U G A A
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(Code de champ modifié

NS ‘[ Mis en forme : Police :8 pt

Yes
\ I Mis en forme : Police :8 pt, Couleur de police :
\
\

- N/E Values / units Mandat
Keyword Description
ory

Q1 a *sin(®/2) n/a n/a Yes

6 = rotation angle, el = 1st component of rotatiis a
Q2 e *sin(@/2) n/a n/a Yes

6 = rotation ang|, €2 = 2nc component of rotation a
Q3 e *sin(8/2) n/a n/a Yes

6 = rotation angle, e3 = 3rd component of rotatigis a
QC cos@/2) n/a n/a Yes

6 = rotation angle
Q1_DO1 Derivative of ¢, nle 1/c No
Q2_DOT Derivative of @ n/a 1/s No
Q3_DO1 Derivative of (3 nle 1/s No
QC_DOT Derivative of @ n/a 1/s No
BAFAQUAT_STOF Indicator ofenc of dat¢ block nle n/e Yes
Block: Euler angle elements
All mandatory elements of the logical block arééoprovided if the block is present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commiexet $hall E This is a comment No

begin with this keywor
BATAEULER START | Indicator of start odatz block nle n/e Yes
DATA TYPE Type of data N EULER Yes
REF_FRAME_A Name of the reference frame that defthe starting E SC_BODY_1 Yes

point of the transformation. The full set of valugs STARTRACKER_1

enumerated in annex B. For a definition of these

various frames, the reader is directed to reference

J T R I B |
REF_FRAME_B Name of the reference frame that dsfthe end point E LVLH

of the transformation. The full set of values is SC_BODY_1

enumerated in_annex B.
EULER_ROT_SEQ Rotatiogeguation sequentieat defines the E XYz Yes |

REF_FRAME_A to REF_FRAME_B transformation. ZXZ

The order of the transformation is from left tohtig

where the leftmost letter represents the rotatios af

the first rotation.
ANGLE_1 Angle of the first rotation n/a deg Yes
ANGLE_2 Angle of the second rotati nle dec Yes
ANGLE_3 Angle of the third rotation n/a deg Yes
ANGLE_1_DO1 Time derivative of angle of the first rotat n/e deg/: No
ANGLE_2 _DOT Time derivative of angle of the seconthtion n/a deg/s No
ANGLE_3 DOT Time derivative of angle of the thimtation n/a deg/s No
DATAEULER_STOP Indicator of end of data block n/a n/a Yes
Block: angular velocity vector
All mandatory elements are to be provided if theeklis present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commieret $hall E This is a comment No

begin with this keyword.
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- N/E Values / units Mandat
Keyword Description
ory
BATAANGVEL _STAR | Indicator of start of data block n/a n/a Yes
T
DATA_TYPE Type of data N ANGVEL Yes
REF_FRAME_A Name of the reference frame that defithe starting E SC_BODY_1 Yes
point of the transformation. The full set of valies ICRF
enumerated in annex B. For a definition of these
various frames, the reader is directed to reference
pawar. ]
REF_FRAME_B Name of the reference frame that dsfthe end point E ICRF Yes
of the transformation. The full set of values is INSTRUMENT_A
enumerated in annéB.
ANGVEL_FRAME Reference frame in which the composenttthe N REF_FRAME_A Yes
angular velocity vector are given. REF_FRAME_B
ANGVEL_X Component of the angular velocity vectar the X axis n/a deg/s Yes
ANGVEL_Y Component of the angular velocity vectar the Y axis n/a deg/s Yes
ANGVEL_Z Component of the angular velocity vectorthe Z axis n/a deg/s Yes
BAFAANGVEL STOF | Indicator of end odate block n/e nle Yes
Block: Spin
All mandatory elements are to be provided if ttecklis present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commiewet $hall E This is a comment No
begin with this keyword.
BATASPIN_START Indicator of start odate block n/e n/e Yes
DATA-TYPE Typeofdata N SPIN Yes
REF_FRAME_A The name of the reference frame thihee the E SC_BODY_1 Yes
starting point of the transformation. The full eét ICRF
values is enumerated in annex B. For a definitibn
these various frames, the reader is directed evante
N Y N A
REF_FRAME_B The name of the reference frame thénelethe end E ICRF Yes
point of the transformation. The full set of valigs SC_BODY_1
enumerated in annex B.
SPIN_ALPHA Right ascension of spin axis vector n/. deg Yes
SPIN_DELTA Declination of the spin axis vect n/e dec Yes
SPIN_ANGLE Phase of the satellite about the spis ax n/a deg Yes
SPIN_ANGLE_VEL Angular velocity of satellite arourspin axi: n/e deg/t Yes
NUTATION Nutation angle of spin axis n/a deg Yes
NUTATION_PER Body nutation period of the spin axis n/a s Yes
NUTATION_PHASE Inertial nutation phase n/a deg Yes
BAFASPIN_STOF Indicator of end odate block n/e nle Yes

Block: Inertia

All mandatory elements are to be provided if ttecklis present.
See ANNEX C for conventions and further detail.

CCSDS 504.0-B-1
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- N/E Values / units Mandat
Keyword Description
ory
COMMENT One or more comment line(s). Each commieret $hall E This is a comment No
begin with this keyword.
BATAINERTIA_STAR | Indicator of start of data block n/a n/a Yes |
T
DATA.TYPE | Typeofdata N | INERTIA Yes |
INERTIA_REF_FRAM [ Coordinate system for the inertia tensor. E SC_BODY_1 Yes [
E Allowed values for this keyword are enumerated in
annex B.
IXX Moment of Inertia about the-axis nle kg*m**2 Yes
1YY Moment of Inertia about the Y-axis n/a kg*m**2 Yes
1ZZ Moment of Inertia about the-axis nle kg*m**2 Yes
IXY Inertia Cross Product of the X & Y axes n/a kg2 Yes
IXZ Inertia Cross Product of the X & Z & nle kg*m**2 Yes
1YZ Inertia Cross Product of the Y & Z axes n/a Rg*2 Yes
INERTIADATA-_STOP | Indicator of end of data block n/a n/a Yes
Block: Maneuver Parameters
All obligatory elements are to be provided if thedk is present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commiexet $hall E This is a comment No
begin with this keyword.
BATAMANEUVER S | Indicator of start of data block n/a n/a Yes |
TART
DATA TYPE Type of data N MANEUVER Yes |
MAN_EPOCH_STAR™ [ Epoch of start of maneu\ n/e n/e Yes I
MAN_DURATION Maneuver duration n/a s Yes
MAN_REF_FRAME Coordinate system for the torque wect n/a n/a Yes
Allowed values for this keyword are enumerated in
annex B.
MAN_TOR_X 1% component of the torque vec nle N*m Yes
MAN_TOR_Y 2 component of the torque vector n/al N*m Yes
MAN_TOR_2Z 3 component of the torque vec n/e N*m Yes
BATAMANEUVER _S | Indicator of end of data block n/a n/a Yes
TOP

3.2.5 REMARKS

3.2.5.1 DATA FORMAT

3.25.1.1 See ‘CREATION_DATE' in tablg-13-1 or see referendg]f4} for examples |of
how to format the EPOCH and MAN_EPOCH_START. Ndttat any epoch specified
denotes a spacecraft event time.

3.2.5.1.2 In specifying the EPOCH of the message, care maigaken if UTC is used as
the TIME_SYSTEM. If an APM message reports atétualdiring a time of leap seconds, the
system making use of the message should be ablkcognize 60 as a valid value for the
seconds (e.g.,—200x-xx-xxT23:59:58.000 200x-xx-xxT23:59:59.000 200x-x>|<-
xXxT23:59:60.000 .. 200x-xx-xxT00:00:00.000)
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3.2.5.2 GENERAL

3.2.5.2.1 It may become necessary to utilize particular oitfidtrmation to process Euler
angle elements or a local orbit frame (e.g., LVIQEW) properly. An approach to this is to
add a ‘COMMENT’ block specifying a particular OPMessage to use in conjunction with a
particular APM.

3.2.5.2.2 Specification of Euler angle rotations around oolye or two axes may be
handled by entering the appropriate sequence md#sired one or two axis rotation and
freely choosing the final axis of rotation and giyia value of zero for the rotation angle.

3.2.6 APM KEYWORD SET

3.2.6.1 The header shall provide a CCSDS Attitude Data Bigssversion number that
identifies the format version; this is included daticipate future changes. The version
keyword shall be CCSDS_APM_VERS and the value stelk the form of ‘x.y’, where 'y’
shall be incremented for corrections and minor geanand ‘x’ shall be incremented for
major changes. Version 1.0 shall be reservedhieiiniitial version accepted by the CCSDS
as an official Recommended Standard (‘Blue BooR'gsting shall be conducted using APM
version numbers less than 1.0 (e.g., 0.x). Pp¢#iig agencies should specify in the ICD
the specific APM version numbers they will support.

3.2.6.2 The header shall include the CREATION_DATE keywuwiith the value set to the
Coordinated Universal Time (UTC) when the file wawated, formatted according to
reference[4][4}. A description of APM header keywords and valigeprovided in table

3-13-1

3.2.6.3 The first header line must be the first non-blank in the file.
3.2.6.4 Only those keywords shown in tablgd-3-1, 3-23-2 and3-33-3shall be used in an

APM. Some keywords represent obligatory items somde are optional. KVN assignments
representing optional items may be omitted.
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3.3 APM EXAMPLES

CCSDS_APM VERS
CREATI ON_DATE
ORI G NATOR

COMVENT
COMVENT
COMVENT $1 TI M
OBJECT_NAMVE
OBJECT_I D
CENTER_NAMVE

TI ME_SYSTEM

COMVENT
COMVENT
COMVENT

EPOCH

DATAQUAT_START
DATA_TYPE
REF_FRAMVE_A
REF_FRAME_B

Q
Q@
o]

e8]
QUATDATA_STCP

1.0
2003- 09- 30T19: 23: 57
GSFC

GEOCENTRI C, CARTESI AN, EARTH FI XED

OBJECT_ID:  1997-009A

1997 NOV 21 22:26:18.40000000, $ original launch tine
TRWM

1997- 009A

EARTH

urc

Current attitude for orbit 335
Attitude state quaternion
Accuracy of this attitude is 0.02 deg RSS.

2003- 09- 30T14: 28: 15. 1172

QUATERNION
SC_BODY_1
| TRF- 97

0. 00005
0. 87543
0. 40949
0. 25678

CCSDS 504.0-B-1

Figure 3-1: APM File containing quaternion
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CCSDS_APM VERS = 1.0

CREATI ON_DATE = 2006- 03- 13T13: 13: 33

ORI G NATCR = GSFC

CBJECT_NAME = GES-P

CBJECT_I D = 2006- 003A

CENTER_NAMVE = EARTH

TI ME_SYSTEM = utc

COVMENT GECSYNCHRONOUS, CARTESI AN, EARTH FI XED

COMMENT OBJECT_I D: 2006- 003A
COMMENT $I TIM = 2006 FEB 5 03: 23: 45. 60000000, $ original |aunch tinme

COMMENT Attitude given by Euler angles
EPOCH = 2006- 03- 12T09: 56: 39. 4987
COMMENT Eul er angl es

DATAEULER _START

DATA TYPE = SC_BODY_1

REF_FRAVE_A = EULER

REF_FRAVE_B = | TRF- 97

EULER ROT_SEQ = YXY

ANGLE 1 = -26.78 [deg]

ANGLE_2 = 46.26 [deg]

ANGLE_3 = 144.10 [deg]

EULERDATA_STOP

Figure 3-2: APM File Example with Euler Angles
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CCSDS_APM _VERS
CREATI ON_DATE
ORI G NATCR

OBJECT_NAMVE
OBJECT_I D
CENTER_NAMVE
TI ME_SYSTEM
COVMVENT

COWENT  $ITIM

COMVENT
COMVENT
COMVENT

EPCCH

COMMVENT
DATAQUAT_START
DATA_TYPE
REF_FRAME_A
REF_FRAMVE B

QL
Q@
@

o8]
DATA_STOP

COMMVENT
DATA_START
DATA_TYPE

1YZ
DATAQUAT_STCP

COMVENT

COMVENT
COMVENT

MAN_DURATI ON
MAN_REF_FRANE
MAN_TOR_X
MAN_TOR_Y
MAN_TOR_Z

MAN_EPOCH_START

1.0
2004- 02- 14T19: 23: 57
JPL

MARS SPIRI T

2004- 003A

EARTH

urc

GEOCENTRI C, CARTESI AN, EARTH FI XED

COMVENT OBJECT_I D: 2004- 003

= 2004 JAN 14 22:26:18.400000, $ original launch tinme 14:36
Generated by JPL
Current attitude for orbit 20 and attitude maneuver
pl anni ng dat a.

= 2004- 02- 14T14: 28: 15. 1172

Attitude state quaternion

QUATERNI ON

| TRF-97 | NSTRUMVENT_A
| NSTRUVENT_A | TRF-97

0.03123
0.78543
0.39158
0.47832

Spacecraft Paraneters

= I NERTI A
= 6080.0 [kg*mt*2]
= 5245.5 [kg*mt*2]
= 8067.3 [kg*mt*2]
=-135.9 [kg*mt*2]
= 89.3 [kg*mt*2]
=-90.7  [kg*mt*2]

Data follows for 1 planned maneuver.

First attitude maneuver for: MARS SPIRIT
I mpul sive, torque direction fixed in body frane

DATAVANEUVER START

2004- 02- 14T14: 29: 00. 5098
3 [s]
| NSTRUVENT_A
-1.25 [
-0.5 [
0.5 [

%2z3!
233

DATAMANEUWVER STOP

Figure 3-3: APM File Example with various contents
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4 ATTITUDE EPHEMERIS MESSAGE (AEM)
4.1 OVERVIEW

4.1.1 Attitude state information may be exchanged betwgarticipants by sending an
ephemeris in the form of a series of attitude statsing an Attitude Ephemeris Message
(AEM). The message recipient must have a suitaidans of interpolating across these
attitude states to obtain the attitude state arhitrary time contained within the span of the
attitude ephemeris.

4.1.2 The AEM shall be a text file consisting of attitudi@ta for a single object. It shall be
easily readable by both humans and computers.

4.1.3 The file naming scheme shall be agreed to on a-lwg®ase basis between the
participating agencies, typically using an Integf@ontrol Document (ICD). The method of
exchanging AEMs shall be decided on a case-by{tasis by the participating agencies and
documented in an ICD.

4.2 AEM CONTENT

4.2.1 GENERAL

4.2.1.1 The AEM shall be represented as a combinationefdhowing:
a) aheader;
b) metadata (data about data);
c) optional comments (explanatory information); and
d) attitude data.

4.2.1.2 AEM files must have a set of minimum required s&tdi some may be repeated.

4.2.1.3 Table4-14-1outlines the contents of an AEM.
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Table 4-1: AEM File Layout Specifications

Item Mandatory ?
Header Yes
Metadata 1
Segment 1 Data 1 Yes
Metadata 2
Segment 2 Data 2 No
Body
. No
Metadata n
Segment n Data n No

4.2.2 AEM HEADER

4.2.2.1 The AEM header assignments are shown in tdH&d-2 which specifies for echh

item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatmples (E);

d) values (either the list of all normative valueeramples);

e) whether the item is mandatory or optional.

4.2.2.2 Only those keywords shown shall be used in an Aeter.

CCSDS 504.0-B-1
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Table 4-2: AEM Header

Keyword Description N/E Values Mandatory

CCSDS_AEM VERS | Format version in the form of ‘x.y’, where 'y’ is N 2.0 Yes
incremented for corrections and minor changes,>nd
is incremented for major chanc

COMMVENT One or more comment lines. E This is a No
Each comment line shall begin with this keyword. conment .

CREATI ON_DATE File creation date/time in one of the followingrfuats: E 2001-11- Yes
YYYY-MM-DDThh:mm:ss[.d—d] or 06T11:17: 33
YYYY-DDDThh:mm:ss[.d—d]
where ‘YYYY' is the year, ‘MM’ is the two-digit
month, ‘DD’ is the two-digit day, ‘DDD’ is the thee
digit day of year, ‘T' is constant, ‘hh:mm:ssfetl]’ is
the UTC time in hours, minutes, seconds, and ogtion|
fractional seconds. As many ‘d’ characters toriplt
of the period as required may be used to obtain the
required precision. All fields require leadingas

ORI G NATOR Creating agency. E CNES Yes

ESCC
GSFC
GSCC
JPL

JAXA

4.2.3 AEM METADATA

4.2.3.1 The AEM metadata assignments are shown in t&3é-3 which specifies for each
item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatnples (E);
d) values (either the list of all normative valueseramples);

e) whether the item is mandatory or optional.

4.2.3.2 Only those keywords shown shall be used in AEM data For some keywords
(OBJECT_NAME, OBJECT_ID, CENTER_NAME) there are rdefinitive lists of
authorized values maintained by a control authptitg references listed in 1.5 are the best
known sources for authorized values to date.
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Table 4-3: AEM Metadata

- Mandato
Keyword Description N/E Values ry

META_START The AEM message contains both metadata andn/a | n/ a Yes
attitude ephemeris data; this keyword is used fo
delineate the start of a metadata block within the
message (metadata are provided in a block,
surrounded by ‘META_START' and
‘META_STOP’ markers to facilitate file
parsing). This keyword must appear on a line py
itself.

COMMVENT Comments allowed only at the beginning of th¢ E This is a coment. No
Metadata section. Each comment line shall bepin
with this keyword.

OBJECT_NAME Spacecraft name of the object correspondingtp E EUTELSAT W Yes
the attitude data to be given. There is no
CCSDS-based restriction on the value for this
keyword, but it is recommended to use
international designators from the UN Office o
Outer Space Affairs.

OBJECT_ID Spacecraft identifier of the object corresponding E 2000- 052A Yes
to the attitude data to be given. While theredis|n
CCSDS-based restriction on the value for this
keyword, it is recommended to use names from
the UN Office of Outer Space Affairs

CENTER_NAME Origin of reference frame, which may be a E EARTH No
natural solar system body (planets, asteroids, STS 106
comets, and natural satellites), including any
planet barycenter or the solar system barycentel
or another spacecratft (in this the value for

‘CENTER_NAME' is subject to the same rules|
as for ‘'OBJECT_NAME’). There is no CCSDS-
based restriction on the value for this keyword
but for natural bodies it is recommended to us
names from the NASA/JPL Solar System

=

Dynamics Group (referengg][3}). o J - '[ Mis en forme : Police :8 pt, Couleur de police : Automatiq]ue
REF_FRAME_A Name of the reference frame that defines the E | CRF Yes

starting point of the transformation. The full se SC BODY_1

of values is enumerated in annex B. For a | NSTRUMENT_A

definition of these various frames, the reader i
directed toNavigation Definitions and

J _- { Mis en forme : Police :8 pt

‘\: B ‘{ Mis en forme : Police :8 pt, Couleur de police :
REF_FRAME_B Name of the reference frame that defines the éndE | SC_BODY_1 Yes V[ Automatique, Vérifier I'orthographe et la grammaire
point of the transformation. The full set of I NSTRUVENT_A \ { Mis en forme : Police :8 pt

values is enumerated in annex B. For a

definition of these various frames, the reader i .
directed to referenggi4][H4}. ] [Code de champ modifié

f Code de champ modifié

- ‘[ Mis en forme : Police :8 pt

"\ [ Mis en forme : Police :8 pt, Couleur de police :
\\ Automatique, Vérifier I'orthographe et la grammaire

e JU U

{Mis en forme : Police :8 pt
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o Mandato
Keyword Description N/E Values ry
TI ME_SYSTEM Time system used for both attitude ephemeris| E urc Yes
data and metadata (also see tght8¢-3and | | TAL |
A-44-4. Thefull setof allowedvaluesis | | |
enumerated in annex B. Explanations of thesp
time systems can be foundNiavigation
Definitions and Conventionseference
LHAIHAD).
START_TI ME Start of TOTAL time span covered by attitude E 1996- 12- Yes
ephemeris data immediately following this 18T14:28:15. 1172
metadata block. The START_TIME time tag 3
a new block of attitude ephemeris data must be
equal to or greater than the STOP_TIME time
tag of the previous block.
USEABLE_ Optional start and end of USEABLE time span| E 1996- 12- No
START_TI ME, covered by attitude ephemeris data immediate]y 18T14: 28:15. 1172
following this metadata block. To allow for
USEABLE_ proper interpolation near the ends of the attitugle
STOP_TI ME ephemeris data block, it may be necessary,
depending upon the interpolation method to bg
used, to utilize these keywords with values
within the time span covered by the attitude
ephemeris data records as denoted by the
START/STOP_TIME time tags.
STOP_TI ME End of TOTAL time span covered by the attitugle E 1996- 12- Yes
ephemeris data immediately following this 18T14:28:15. 1172
metadata block. The STOP_TIME time tag fo
the block of attitude ephemeris data must be
equal to or less than the START_TIME time ta
of the next blocl
ATTI TUDE_TYPE | The format of the data lines in the message. This N QUATERNI ON Yes
keyword must have a value from the set specified QUATERNI OV DERI VATI
at the right. See 4.2.5 for details of the data VE
contained in each line. QUATERNI ON/ ANGVEL
EULER_ANGLE
EULER_ANGLE/ DERI VAT
| VE
EULER_ANGLE/ ANGVEL
SPI'N
SPI N/ NUTATI ON
EULER_ROT_SEQ | The rotation sequence of the Euler angles thaf E ZXZ No
rotate from REF_FRAME_A to XYZ
REF_FRAME_B. This keyword is applicable
only if ATTITUDE_TYPE specifies the use of
Euler angles.
RATE_FRAME The frame of reference in which Euler rates arg N REF_FRAVE_A No
specified. The allowed values are shown at right. REF_FRAME_B

This keyword is applicable only if
ATTITUDE_TYPE specifies the use of rates in|
conjunction with either quaternions or Euler

angles.
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- Mandato
Keyword Description N/E Values y

I NTERPOLATI ON | Recommended interpolation method for attitude E LI NEAR No
_METHOD ephemeris data in the block immediately HERM TE

following this metadata block. | agrange
| NTERPOLATI ON | Recommended interpolation degree for attitude E 5 No
_DEGREE ephemeris data in the block immediately 1

following this metadata block. It must be an

integer value. This keyword must be used if tHe

‘INTERPOLATION_METHOD' keyword is

used
META_STOP The end of a metadata block within the messapen/a | n/ a Yes

The AEM message contains both metadata and
attitude ephemeris data; this keyword is used fo
delineate the end of a metadata block within the
message (metadata are provided in a block,
surrounded by ‘META_START’ and
‘META_STOP’ markers to facilitate file
parsing). This keyword must appear on a line py
itself.

4.2.3.3 Keywords START_TIME, USEABLE_START_TIME, USEABLE_®P_TIME,
and STOP_TIME all denote a spacecraft event time.

4.2.4 AEM DATA

4.2.4.1 See 4.2.5, Attitude Ephemeris Data Lines, for dfmations regarding AEM data.

4.2.4.2 The Data section of the AEM shall be delineatedthy ‘DATA_START’ and
‘DATA_STOP’ keywords. These keywords are intendedacilitate parsing, and will also
serve to advise the recipient that all the attitdeta records associated with the immediately
preceding AEM Metadata section have been receitredrétionale for including this is that
data volumes can be very large, so knowing wherl#&ta begins and ends is desirable). The
AEM recipient may process the ‘DATA_STOP’ keyworda'local’ end-of-file marker.

4.2.5 ATTITUDE EPHEMERIS DATA LINES

4.2.5.1 For AEMSs, each set of attitude ephemeris dataudich the time tag, must be

provided on a single line. Table44-4lists the allowable combinations of data itemshwi_ - { Code de champ modifié

each item following the same definition as givertable3-33-3 The order in which the data

which the order of angle data must correspond wille sequence given by
EULER_ROT_SEQ.

ATTITUDE_TYPE keyword in the metadata.
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Table 4-4: Types of Attitude Ephemeris Data Lines

Keyword

Value

Ephemeris Data Line

Quaternion Options (note that keywords and valpgear only in Metadata)

ATTI TUDE_TYPE

QUATERNI ON

QUATERNI ON/ DERI VATI VE

Epoch, QC, Q1,
Epoch, QC, Q1

@_Dor

QUATERNI ON/ ANGVEL

QC_DOr, Q1_DOT,
o

Epoch, QC,
ANGVEL_X, Al
ANGVEL_Z

m
iL
<

ATTI TUDE_TYPE

QUATERNI ON

QUATERNI ON/ DERI VATI VE

Epoch, Q1,
QL

Epoch,
QL_DOT, @_DOT,

QUATERNI ON/ ANGVEL

Euler Angle Options (note that keywords and vakgsear only in Metadata)

ATTI TUDE_TYPE

EULER_ANGLE

Epoch,
ANGLE_1, ANGLE 2, ANGLE 3

EULER_ANGLE/ DERI VATI VE

Epoch,

ANGLE_1, ANGLE_2,
ANGLE_3, ANGLE_ 1_DOT,
ANGLE_2_DOT, ANGLE_3_DOT

EULER_ANGLE/ ANGVEL

Epoch,

ANGLE_1, ANGLE 2,
ANGLE_3, ANGVEL_X,
ANGVEL_Y, ANGVEL_Z

Spin Axis Options (note that keywords and valugseap only in Metadata)

ATTI TUDE_TYPE

SPI'N

Epoch,

SPI N_ALPHA, SPI N _DELTA,
SPI N_ANGLE,

SPI N_ANGLE_VEL

SPI N/ NUTATI ON

Epoch,

SPI N_ALPHA, SPI N_DELTA,
SPI N_ANGLE,

SPI N_ANGLE_VEL, NUTATI ON,
NUTATI ON_PER,

NUTATI ON_PHASE

4.2.5.3 The units used shall be the following:

— dimensionless: EPOCH, Q1, Q2, Q3, QC;

- 1/s: Q1_DOT, Q2_DOT, Q3_DOT, QC_DOT;
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— deg: ANGLE_1, ANGLE_2, ANGLE=_3, SPIN_ALPHA, SPINELTA,
SPIN_ANGLE, NUTATION, NUTATION_PHASE;

— deg/s: ANGVEL_X, ANGVEL_Y, ANGVEL_Z, SPIN_ANGLE_VE
— s: NUTATION_PER.

4.2.5.4 FORMAT

4.2.5.4.1 At least one space character must be used to sefgheitems in each attitude
ephemeris data line.

4.2.5.4.2 See ‘CREATION_DATE’ in tableg-13-1 or see referendé]f4} for examples |of
how to format the EPOCH. Note that any epoch $igectlenotes spacecraft event time.

4.2.5.4.3 In specifying the EPOCH of the message, care meigaken if UTC is used as
the TIME_SYSTEM. If an AEM message reports ateuhliring a time of leap seconds, the
system making use of the message should be ablkcognize 60 as a valid value for the
seconds (e.g., 200x-xx-xxT23:59:58.000 .. 200xx%23:59:59.000 .. 200x-xx-
xXT23:59:60.000 .. 200x-xx-xxT00:00:00.000)

4.2.5.5 TECHNICAL

4.2.5.5.1 Attitude ephemeris data lines must be ordered bgeasing time, and time tags
must not be repeated, except in the case whereSTT@P_TIME of a set of attitude
ephemeris data lines is equal to the START_TIMEheffollowing set of attitude ephemeris
data lines. The time step duration may vary witngiven AEM.

4.2.5.5.2 The TIME_SYSTEM value must remain fixed within aiEM segment.

4.2.5.5.3 The occurrence of a second (or greater) metadatek bhfter some attitude
ephemeris data shall indicate that interpolatidngisucceeding attitude ephemeris data with
attitude ephemeris data occurring prior to thatateta block shall not be done. This method
may be used for proper modeling of propulsive maeess or any other source of a
discontinuity such as eclipse entry or exit.

4.255.4 Details about the interpolation method should beecdigd using the
INTERPOLATION_METHOD and INTERPOLATION_DEGREE keywis within the
AEM. All data blocks must contain a sufficient noen of attitude ephemeris data records to
allow the recommended interpolation method to beiezh out consistently throughout the
AEM.

4.2.5.5.5 Specification of Euler angle rotations around oolye or two axes may be

handled by entering the appropriate sequence ®m#ésired one or two axis rotation and
freely choosing the final axis of rotation and giyia value of zero for the rotation value.
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4.2.6 AEM KEYWORD SET

4.2.6.1 The header shall provide a CCSDS Attitude Data Bigssversion number that

identifies the format version; this is included daticipate future changes. The version
keyword shall be CCSDS_AEM_VERS and the value gtk the form of ‘x.y’, where ‘y’

is incremented for corrections and minor changed,'® is incremented for major changes.
Version 1.0 shall be reserved for the initial vensaccepted by the CCSDS as an official
Recommended Standard (‘Blue Book’). Testing shallconducted using AEM version

numbers less than 1.0 (e.g., 0.x). Participatiggnaies should specify in the ICD the
specific AEM version humbers they will support.

4.2.6.2 The header shall include the CREATION_DATE keywuwiith the value set to the
Coordinated Universal Time (UTC) when the file veasated, according to referenggf4}.
A description of AEM header keywords and valugsrevided in tablet-24-2

4.2.6.3 The first header line must be the first non-blank in the file.

4.2.6.4 Only those keywords shown in tabké24-2 and4-34-3 shall be used in an AEM.
Some keywords represent obligatory items and soreeoptional. KVN assignments
representing optional items may be skipped. The WSEABLE_START/STOP_TIME
keywords, marked as optional items, may not be sserg depending on the recommended
interpolation method. (It is safer to use the USEEBSTART/STOP_TIME capability in
all cases.)

4.2.6.5 A single METADATA group shall precede each attitugighemeris data block.
Multiple occurrences of a METADATA group followed lan attitude ephemeris data block
may be used (e.g., METADATA, DATA, METADATA, DATAetc.).

4.2.6.6 Before each METADATA group the string ‘META_STARTBhall appear on a

separate line and after each METADATA group (anfbigethe associated DATA_START
keyword) the string ‘META_STOP’ shall appear oreparate line.
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4.3 AEM EXAMPLE

4.3.1Figure4-14-1is an example of an AEM. Note that some attitapleemeris lines were. - - Mis en forme : Condensé de 0,3 pt

omitted.

CCSDS_AEM VERS = 1.0
CREATI ON_DATE = 2002- 11- 04T17: 22: 31
ORI G NATCR = NASA/ JPL

META_START
COWENT This file was produced by MR Sonmebody, MSOO NAV/ JPL, 2002 OCT 04.

COMMENT It is to be used for attitude reconstruction only. The relative accuracy of these
COMMENT  attitudes is 0.1 degrees per axis.

OBJECT_NAME MARS GLOBAL SURVEYOR
OBJECT_I D 1996- 062A

CENTER_NAME nars barycenter
REF_FRAVE_A EME2000

REF_FRAMVE_B SC_BODY_1

TI ME_SYSTEM urc

START_TI ME 1996- 11- 28T21: 29: 07. 2555

1996- 11-28T22: 08: 02. 5555
1996- 11-30T01: 18: 02. 5555
1996-11- 30T01: 28: 02. 5555

USEABLE_START_TI NE
USEABLE_STCP_TI ME
STOP_TI ME

ATTI TUDE_TYPE QUATERNI ON
| NTERPOLATI ON_METHOD = hernmite

| NTERPOLATI ON_DEGREE = 7
META_STOP

DATA_START

1996- 11- 28T21: 29: 07. 2555 0.56748  0.03146  0.45689 0. 68427
1996- 11- 28T22: 08: 03. 5555 0.42319  -0.45697 0.23784  0.74533
1996- 11- 28T22: 08: 04. 5555 -0.84532 0. 26974 -0.06532 0.45652

< intervening data records onitted here >
1996- 11- 30T01: 28: 02. 5555 0.74563 -0.45375 0.36875 0.31964
DATA _STOP

META_START
COMMENT  This block begins after trajectory correction maneuver TCM 3.

OBJECT_NAME mars gl obal surveyor
OBJECT_I D 1996- 062A

CENTER_NAME MARS BARYCENTER
REF_FRAMVE_A EME2000

REF_FRAMVE_B SC_BODY_1

TI ME_SYSTEM urc

START_TI ME 1996- 12- 18T12: 05: 00. 5555

1996-12-18T12: 10: 00. 5555
1996- 12- 28T21: 23: 00. 5555
1996- 12-28T21: 28: 00. 5555

USEABLE_START_TI NE
USEABLE_STCP_TI ME
STOP_TI ME

ATTI TUDE_TYPE QUATERNI ON
QUATERNI ON_TYPE LAST
META_STOP

DATA_START

1996- 12- 18T12: 05: 00. 5555 -0.64585 0.018542 -0.23854 0.72501

1996- 12- 18T12: 10: 05. 5555 0. 87451 -0. 43475 0. 13458 -0.16767

1996-12- 18T12: 10: 10. 5555 0. 03125 -0.65874 0. 23458 -0.71418
< intervening records onmitted here >

1996- 12- 28T21: 28: 00. 5555 -0.25485 0.58745 - 0. 36845 0.67394

DATA_STOP

Figure 4-1: AEM Example
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4.3.2 Figure4-24-2is an example of an AEM describing a spinning speaft. Note that
some attitude ephemeris lines were omitted.

CCSDS_AEM VERS = 1.

CREATI ON_DATE 2008-071T17: 09: 49

n i o

USEABLE_START_TI ME
USEABLE_STOP_TI ME

2006- 090T05: 00: 00. 071
2006- 090T05: 00: 00. 946

ORI G NATOR GSFC FDF

META_START

OBJECT_NAME = ST5-224

OBJECT_I D = 2006224

CENTER_NAME = EARTH

REF_FRAME_A = J2000

REF_FRAMVE_B = SC_BCDY_1

TI ME_SYSTEM = uUrc

START_TI ME = 2006- 090T05: 00: 00. 071

STOP_TI ME = 2006- 090T05: 00: 00. 946

ATTI TUDE_TYPE = SPIN

META_STOP

DATA_START

COMVENT Spin KF ground solution, SPINKF rates
2006- 090T05: 00: 00. 071  2.6862511e+002 6.8448486e+001 1.5969509e+002 - 1. 0996528e+002
2006- 090TO5: 00: 00. 196 2.6863990e+002 6.8432197e+001 1.4593720e+002 - 1. 0996493e+002
2006- 090TO5: 00: 00. 321 2.6864591e+002 6.8412960e+001 1.3218766e+002 -1.0996455e+002
2006- 090TO5: 00: 00. 446 2.6863697e+002 6.8392049e+001 1.1845280e+002 -1.0996402e+002
2006- 090T05: 00: 00. 571  2.6861072e+002 6.8371266e+001 1.0473305e+002 - 1. 0996370e+002
2006- 090TO5: 00: 00. 696 2.6856625e+002 6.8353279e+001 9. 1030304e+001 -1.0996339e+002
2006- 090TO5: 00: 00. 821 2.6850631e+002 6.8340398e+001 7.7341548e+001 -1.0996317e+002
2006- 090T05: 00: 00. 946 2. 6843571e+002 6.8332398e+001 6.3662262e+001 - 1. 0996304e+002

DATA_STOP

Figure 4-2: AEM Spinner Example
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5 ADM SYNTAX

5.1 INTRODUCTION

This section details the syntactical requirementsattitude messages. All APM and AEM
messages shall observe the syntax described iecidrs 5.2 through 5.8.

5.2 APM

The APM shall be a plain text file, using keywomksdriptions given in 3.2.1 through 3.2.6.

5.3 AEM

The AEM shall be a plain text file, using the keyai@escriptions given in 4.2.1 through
4.2.6.

5.4 LINES

5.4.1 Each APM and AEM line must not exceed 2B&CIlI characters and spaces
(excluding line termination character[s]).

5.4.2 Only printable ASCII characters and blanks shalubed. Control characters (such
as TAB, etc.) shall not be used, except as indichétow for the termination of lines.

5.4.3 Blank lines may be used at any position withinftlee

5.4.4 Comment lines shall be optional. See 5.8.2 fomitletegarding the placement of
comment lines in an APM. See 5.8.3 for detailardimg the placement of comment lines in
an AEM.

5.4.5 APM and AEM lines shall be terminated by a singleraige Return or a single Line
Feed, or a Carriage Return/Line Feed pair or a Esed/Carriage Return pair.

55 KEYWORDS

5.5.1 All header, metadata, and APM data lines, with pkoes as noted in 5.5.8, shall use
‘keyword = value’ notation, abbreviated as KVN.

5.5.2 Only a single ‘keyword = value’ assignment shalhh&de on a line.
5.5.3 Keywords must be uppercase and must not contairk&la

5.5.4 Any white space immediately preceding or followitlre keyword shall not be
significant.
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5.5.5 Any white space immediately preceding or followithge ‘equals’ sign shall not be
significant.

5.5.6 Any white space immediately preceding the endra# Bhall not be significant.

5.5.7 The order of occurrence of obligatory and optioR¥N assignments shall be fixed
as shown in table8-13-1, 3-23-2 and3-33-3 for the APM, and as shown in tablés24-2
and 4-34-3for the AEM. Exceptions to this rule for the AP8iall be for quaternion and
Euler angle ordering, as described in 3.2.5.

5.5.8 The keywords COMMENT, META_START, META_STOP, DATATBRT and
DATA_STOP, and AEM data lines are exceptions toki®& syntax.

5.6 VALUES

5.6.1 The range of values for angle measurements is d8gfees <= x <= 360 degrees. If
agencies wish to exchange using radians, this messpecified in an ICD because it is
nominally outside the standard.

5.6.2 Blanks shall not appear within humeric values ame tvalues.

5.6.3 Integer values shall consist of a sequence of ddailigits with an optional leading
sign (‘+' or *-). If the sign is omitted, ‘+' sHhbe assumed. Leading zeros may be used.
The range of values that may be expressed asegeinis:

42 147 483 648 <= x <= +2 147 483 647 (i.e31= x <= B1-1). _ — -| Commenté [LA3]: Comma not added because | found this :

K . . nAi o i Numbers consisting of long sequences of digitsbeamade
5.6.4 Non-integer numeric values may be expressed irrfiked-point or floating-point more readable by separating them into groups, ke

notation. Both representations may be used wahidPM or an AEM. groups of three, separated by a small space. Eoreson,
1SO 31-0 specifies that such groups of digits sthalver be
separated by a comma or point, as these are resfknvase

5.6.4.1 Non-integer numeric values expressed in fixed-poiotation shall consist of a by ac
as the decimal sign.

sequence of decimal digits separated by a period decimal point indicator, with an
optional leading sign (‘+' or *-'). If the sign ismitted, ‘+' shall be assumed. Leading and Source https://en.wikipedia.org/wiki/ISO_31-0
trailing zeros may be used. At least 1 digit guieed before and after a decimal point. The
number of digits shall be 16 or fewer.

5.6.4.2 Non-integer numeric values expressed in floatingHpootation shall consist of a
sign, a mantissa, an alphabetic character indigatie division between the mantissa and
exponent, and an exponent, constructed accorditigetillowing rules:

— The sign may be ‘+' or ‘-’ If the sign is omitte®’ shall be assumed.

— The mantissa must be a string of no more than térdé digits with a decimal point
‘" in the second position of the ASCII string, segting the integer portion of the
mantissa from the fractional part of the mantissa.
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— The character used to denote exponentiation skalEbor ‘e’. If the character
indicating the exponent and the following exporemet omitted, an exponent value of
zero shall be assumed (essentially yielding a fpeiht value).

— The exponent must be an integer, and may haver githi€ or *-’ sign (if the sign is
omitted, then ‘+’ shall be assumed).

— The maximum positive floating-point value is approately 1.798E+308, with
precision of 16 significant decimal digits. Thenimium positive floating-point value
is approximately 4.94E-324, with precision of 1@rsficant decimal digits.

5.6.5 These specifications for integer, fixed-point, dlocting-point values conform to the
XML specifications for the data types four-byteeigéer ‘xsd:int’, ‘decimal’ and ‘double’
respectively. The specifications for floating-poivalues conform to the IEEE double
precision type (referendé]{6}). Floating-point numbers in IEEE extended-singlelEEE
extended-double precision may be represented, ®ueglire an ICD between participating
agencies because of their implementation-spectfitbates (referenc¢6]f6}). Note th|at
NaN, +Inf, -Inf, and -0 are not supported values.

5.6.6 Text value fields must be constructed using onlyppercase or all lowercase.

5.6.7 A non-empty value field must be specified for e&ayword provided, except as
noted in 5.5.8.

5.6.8 In value fields that are text, an underscore shallequivalent to a single blank.
Individual blanks between non-blank characters|dbmlretained (shall be significant) but
multiple blanks shall be equivalent to a singlenkla

5.6.9 In value fields that represent a timetag or epactg of the following two formats
shall be used:

YYYY-MM-DD:Thh:mm:ss[.d-d][Z]

or

YYYY-DDDThh:mm:ss[.d-d][Z]
where ‘YYYY’ is the year, ‘MM’ is the two-digit math, ‘DD’ is the two-digit day, ‘DDD’
is the three-digit day of year, ‘T’ is constanthlmm:ss[.d.d] is the time in hours, minutes
seconds, and optional fractional seconds; ‘Z' isoptional time code terminator (the only

permitted value is ‘Z’ for Zulu, i.e., UTC). Alidlds shall have leading zeros. See reference
[4]F4}, ASCII Time Code A and B.
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5.7 UNITS
5.7.1 APM RESTRICTIONS

For clarity, units may be included as ASCII texteafa value, but they must exactly match
the units specified in tab®-33-3(including case). If units are displayed, then:

a) there must be at least one blank character bettieevalue and the units text;
b) the units must be enclosed within square bracleets, ([deg]’);
¢) multiplication of units shall be denoted with agimasterisk *' (e.g., ‘[N*m]’).

d) exponents of units shall be denoted with a doustierisk **' (e.g., [kg*m**2]’).

5.7.2 AEM RESTRICTIONS

5.7.2.1 Units shall not be displayed; the applicable uaitsdetermined by the value set for
the ATTITUDE_TYPE keyword.

5.8 COMMENTS
5.8.1 GENERAL

5.8.1.1 All comment lines shall begin with thedWeNT" keyword followed by at least one
space. This keyword must appear on every comnmagt ot just the first such line. The
remainder of the line shall be the comment valli¢hite space shall be retained (shall be
significant) in comment values.

5.8.1.2 Comments may be used to provide provenance infasmadr to help describe
dynamical events or other pertinent informationoaigted with the data. This additional
information is intended to aid in consistency cleeakd elaboration where needed, but shall
not be required for successful processing of a file

5.8.1.3 If accompanying descriptive text designed to cjaaifid/or remove ambiguities in provided
ADM data does not fit well into the single comméne paradigm, it is recommended that the APM
or AEM producer convey key elements of that infatiorain comments and use an ICD to provide
further details

5.8.1.4 The following comment should be provided in an ARM AEM message:
information regarding the genesis, history, intetation, intended use, etc., of the attitude
state and any additional information that may bes# to the receiver of the APM or AEM.
Example:

COMMENT Source: File created by GSFC Flight Dynanmics Facility as part
COMMENT  of Launch Operations Readiness Test held on 15 July 2004.
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5.8.2 APM SPECIFIC

5.8.2.1 Comments are optional and may appear only at tgmhiag of the APM Header
and APM Metadata sections, as shown in talBlds3-1 and 3-23-2 In the APM Ddta
section, comments shall appear only at the beginofra logical block. Comments must not
appear between the components of any logical blo¢ke APM Data section. The logical
blocks in the APM Data section are indicated inag&b33-3

5.8.2.2 The following type of comment may be provided ast ph the APM to provide
information regarding the attitude estimation aaecyr

COWMENT The 1-sigma accuracy deternined by the GSFC Flight
COMMENT Dynamics Facility for this attitude solution was
COWMENT [0.02670 0.00945 0.00832] DEG

The purpose of this comment is to enable some fip@@n on the quality of the attitude
estimate. The interpretation of the message ovahees placed herein should be specified in
an ICD.

5.8.3 AEM SPECIFIC
5.8.3.1 General

Comments are optional and may appear only after siecification of the keyword
CCSDS_AEM_VERS, at the beginning of Metadata sasti@nly after META_START and
before OBJECT_NAME), and immediately following thBATA_START keyword.

Comments must not appear between attitude ephentda lines, nor after the
DATA_STOP keyword.

5.8.3.2 AEM Accuracy vs. Efficiency

The producer of an AEM may optionally report in goent lines the expected accuracy of
the attitude ephemeris. The user may then useathditional information to smooth or
otherwise compress the data without affecting tteeiiacy of the attitude, but is not required
to utilize this information to successfully proceb® message. The AEM producer also
should strive to achieve not only the best accumssible, taking into account prediction
errors, but also consider the efficiency of thetwde representation (e.g., step sizes of
fractional seconds between attitude ephemeris limeg be necessary for precision scientific
reconstruction of an attitude, but may be excedsisme cases).
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ANNEX A

IMPLEMENTATION CONFORMANCE
STATEMENT (ICS) PROFORMA

(NORMATIVE)

Al INTRODUCTION

Al.1 OVERVIEW

This annex provides the Implementation ConformaBtaeement (ICS) Requirements List
(RL) for an implementation of [Specification]. Th@S for an implementation is generated
by completing the RL in accordance with the indinrs below. An implementation
claiming conformance must satisfy the mandatoryirements referenced in the RL.

Al.2 ABBREVIATIONS AND CONVENTIONS

The RL consists of information in tabular form. eT$tatus of features is indicated using the
abbreviations and conventions described below.

Item Column
The item column contains sequential numbers fonsten the table.
Feature Column

The feature column contains a brief descriptive @dar a feature. It implicity means “Is
this feature supported by the implementation?”

Status Column

The status column uses the following notations:

- M mandatory;
- 0 optional;

- C conditional;
- X prohibited;

- out of scope;

- N/A not applicable.
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Support Column Symbols

The support column is to be used by the implemeotstate whether a feature is supported
by entering Y, N, or N/A, indicating:

Y Yes, supported by the implementation.
N No, not supported by the implementation.
N/A  Not applicable.

The support column should also be used, when apgptepto enter values supported for a
given capability.

Al1l.3 INSTRUCTIONS FOR COMPLETING THE RL

An implementer shows the extent of compliance te fRecommended Standard by
completing the RL; that is, the state of complianggh all mandatory requirements and the
options supported are shown. The resulting comglBie is called an ICS. The implementer

shall complete the RL by entering appropriate raspe in the support or values supported
column, using the notation described in A1.2. Haaditional requirement is inapplicable,

N/A should be used. If a mandatory requirementissatisfied, exception information must

be supplied by entering a reference Wherei is a unique identifier, to an accompanying
rationale for the noncompliance.

A2 ICS PROFORMA FOR [SPECIFICATION]
A2.1 GENERAL INFORMATION

A2.1.1 Identification of ICS

Date of Statement (DD/MM/YYYY)

ICS serial number

System Conformance statement
cross-reference

A2.1.2 Identification of Implementation Under Test

Implementation Name

Implementation Version

Special Configuration

Other Information
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A2.1.3 Identification of Supplier

Supplier

Contact Point for Queries

Implementation Name(s) and Versions

Other information necessary for full
identification, e.g., name(s) and version(s)
for machines and/or operating systems;

System Name(s)

A2.1.4 Identification of Specification

[CCSDS Document Number]

Have any exceptions been required?

NOTE - A YES answer means that the implementation does not
conform to the Recommended Standard. Non-supported
mandatory capabilities are to be identified in the ICS, with
an explanation of why the implementation is non-
conforming.

Yes|[ ]

No[ ]

A2.2 REQUIREMENTS LIST

[See CCSDS A20.1-Y-1CCSDS Implementation Conformance Statem@rgtiow Book,

Issue 1, April 2014).]
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ANNEX B
VALUES FOR SELECTED KEYWORDS

(NORMATIVE)
B1 OVERVIEW

The values in this annex represent the acceptadliges for selected keywords. Each
keyword’s values delineated here are presentlireedan APM or AEM message. For details

and descriptions of the keyword interpretations, riader is directed to refererjpglﬂ#fl—]}.i _ { code de champ modifié ]
If exchange partners wish to use different setfitigsy should be documented in an ICD. =+ Mis en forme : Couleur de police : Automatique, Vérifier
I'orthographe et la grammaire

B2 TIME_SYSTEM METADATA KEYWORD

GMST Greenwich Mean Sidereal Time
GPS Global Positioning System
MET Mission Elapsed Time

MRT Mission Relative Time

SCLK Spacecraft Clock (receiver)
TAI International Atomic Time
TCB Barycentric Coordinated Time
TDB Barycentric Dynamical Time
T Terrestrial Time

UT1 Universal Time

uTC Coordinated Universal Time

Note that if MET or MRT are chosen as the TIME_S¥®, then the epoch of either the
start of the mission for MET, or of the event foRW, should either be given in a comment
in the message, or provided in an ICD. The timdesysfor the start of the mission or the
event should also be provided in the comment ol@i2 If these values are used for the
TIME_SYSTEM, then the times given in the file dematduration from the mission start or
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event. However, for clarity, an ICD should be usedully specify the interpretation of the
times if these values are to be used. Note tleatihe format should only utilize three digit
days from the MET or MRT epoch, not months and asdyhe months.

Note that if SCLK is chosen as a TIME_SYSTEM, tlensformation of this time to one of
the other specified time systems in B2 should wergin an ICD. The intent of this keyword
is to allow for the use of SCLK as a TIME_SYSTEMI there is currently no standard way
to transform this time system to other time systésted in B2.

B3 INERTIAL AND LOCAL ORBITAL FRAME KEYWORD VALUES
The following table enumerates the allowable keylsdor inertial frames that can be used by

ADM messages. They are valid for keywords: Q_FHAN EULER_FRAME_* and
SPIN_FRAME_*in an APM, and REF_FRAME_* in an AEMhere “*' denotes ‘A’ or ‘B’.

Keyword Value Meaning/Description

EME2000 Earth Mean Equator and Equinox of J2000

GTOD Greenwich True of Date

ICRF International Celestial Reference Frame

ITRF2000 International Terrestrial Reference Fr@ne0

ITRF-93 International Terrestrial Reference Frar@@3l

ITRF-97 International Terrestrial Reference Frar@@7l

ITRF International Terrestrial Reference Frame

ITRFyyyy International Terrestrial Reference Framssociated to year yyyy

J2000 Earth Mean Equator and Equinox of J2000

LVLH Local Vertical Local Horizontal

RTN, QSW Radial, Transverse, Normal Orbital Frame

TOD True of Date

TNW, NTW Tangential, Normal, Omega (W) Orbital Fram

RSW Relative Orbi.t Frgme desc_ribing the relative motidtwo satellites
(Clohessy-Wiltshire Equations)
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B4 LOCAL SPACECRAFT BODY REFERENCE FRAMES

The following table enumerates the allowed valuestlie keyword FRAME_* in the APM
and AEM messages, where ¥ denotes ‘A’ or ‘B’. &e frames will vary from object to
object, but provide a mechanism of denoting difiereeference frames than the object’s
BODY axes to specify an orientation. It is thepassibility of the end user to have an
understanding of the location of these framesHeirtparticular object, typically via an ICD.

ACTUATOR_x Actuator reference frame (‘'x’ =89): could denote reaction wheels
solar arrays, thrusters, etc.

CSS_xy Coarse Sun Sensor (‘X' =0, 'y’ = 0—-9)

DSS_x Digital Sun Sensor (‘x’ =89)

GYRO_x Gyroscope Reference Frame (‘X' =0)

INSTRUMENT _y Instrument 'y’ reference frame ('y’'A—Z, 0-9)

SC_BODY_x Spacecraft Body Frame (‘X' =®)

SC_BODY_y Spacecraft Body Frame of another objgtt(A —2)

SENSOR_x Sensor ‘X' reference frame (‘X' =&, 0—-9)

STARTRACKER_x Star Tracker Reference Frame (‘X'-=%9)

TAM_Xx Three Axis Magnetometer Reference Frame £X—9)
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ANNEX C
CONVENTIONS FOR ADM DATA

(NORMATNEINFORMATIVE )

Cl OVERVIEW

This paragraph details the conventions used indb@iment for the definition of Attitude
data.

C2 QUATERNIONS

The quaternion called "from frame A to frame B'tisfined as the quaternion of the rotation
that transforms the basis vectors of frame A ih® ltasis vectors of frame B. That is to say
that the basis vectors of frame B are the respeatiages of the basis vectors of frame A by
the rotation.

The quaternion is defined by four components:
gl =sin@?2) * el
g2 =sin{?2) * e2
g3 =sin{@?2) * e3
qc = cosf/2)
Where:
@is the rotation angle,

el, e2 and e3 are the coordinates of the rotakimnraeither frame A or frame B.

The quaternion is related to the frame transforomathatrix in the following way:

Let Xa be the coordinates of some vector in frame A, dsdhe coordinates of the same
vector in frame B.

The frame transformation matrix gyl that transforms coordinates in frame A to coortisa
in frame B is defined by:

XB = Mga * Xa
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where Msa is a function of the quaternion cofpents:

@G-a-a+a 2(qd+azq0) 2(q1 93— 2 qc)
Mps=|2(0142—9340) —ai+a5—a5+a2 2(q29:+q:qc)
209193+ 9290) 2(q203—q190)  —9i— a3 +q5+qé

The real component (qc) of the quaternion shathbde non negative by convention.

C3 EULER ANGLES

The Euler angles called "from frame A to frame B the rotation angles of the 3 successive
rotations that transform frame A into frame B.

Let's call@l, 62, 63 the 3 rotation angles, and al, a2, a3 the raspactation axes (X-axis,
Y-axis or Z-axis). The images of the basis vectifrfame A by the 3 successive rotations
of angleBl and axis al, anglg2 and axis a2, angl@3 and axis a3 are the respective basis
vectors of frame B.

Example :

Let's consider the 3 successive rotations aroures @l=X, a2=Y, a3=Z of respective
anglesdl, 6 2, 63.

Let's define the frame transformation matrix M sttt :
Xe=M*Xa

where X denotes the coordinates of some vector in framan#l, Xs the coordinates of the
same vector in frame B.

Then we have:

cosfs sinB; 0] [cosB, 0 =—sinf,] 1 0 0
M = [—sinf; cosf; 0 0 1 0 |[.|0 cosf; sind,;
0 0 1l Isin6, 0 cosH, 0 -—sinf; cosH,

C4 ANGULAR VELOCITY VECTOR

The angular velocity vector from frame A to frameadpresents the angular velocity vector
of FRAME B with respect to frame A.
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The components can be defined either in Frame ffaare B.

C5 SPIN DATA

The spin data enable the user of the message pagate the attitude of an object using a
simple model.

The spin data from frame A to frame B are defingdodlows:
The spin axis is the Z axis of frame B, a princigeb.

The initial attitude is defined as the result cfgcessive rotations of respective angles
spin_alpha, spin_delta, spin_angle around the ssb@eaxes Z, Y, Z starting from frame A.

Nutation_angle is the angle between the principe @pin axis) and angular momentum.

Nutation_phase describe the initial orientatiothef spin axis in his motion around the
angular momentum vector.

The following assumption is assumed:

The angular momentum vector has components irrémesf B:
« alpha, delta
e Pi/2 - delta is the nutation angle
« Alpha - piis the offset angle

C6 INERTIA DATA

Inertia data consist of:

- Moments of inertia (diagonal terms)

- Inertial cross products (off diagonal terms)

—-112 —-I122 -123

[111 —I112 —113]
I:
—-113 —-I123 -I33

The cross product terms are negative.

The inertia matrix is defined relative to a partigurame (defined by its axis and origin).
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ANNEX D
LIST OF CHANGES VERSUS ADM VERSION 1

(INFORMATIVE)

The present section gives the main changes betd®&h1.0 and ADM 2.

Changes relative to APM :

Number Description See section

The "*_DIR" keywords have been removed

The quaternion block is now optional.

Any block can now be present as many timeg as
necessary.

5 The meaning of quaternion, Euler angles, spia,dais
now clearly defined by the standard. Any changes in
meaning with respect to the standard should belet
in an ICD.

D

6 Euler rotation sequences ("EULER_ROT_SEQ"
keyword) are specified by letter (X, Y, Z) insteafl
number, e.g. XYX instead of 121.

7 The logical block "Euler angles" now containsglen
derivatives rather than components of the angdular
velocity vector.

8 A new block for the angular velocity vector has rbee
added: ANGVEL.

9 The keywords for the moments of inertia havenged:
IXXY instead of 112, etc...

10 Data blocks have been added. Data types such as

quaternion, Euler angles... are explicitly enclosed
between DATA_START ... DATA_STOP delimiters.

CCSDS 504.0-B-1 Page D-7 May 2008



Changes relative to AEM:

CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

Number Description See section

1 Euler rotation sequences ("EULER_ROT_SEQ"
keyword) are specified by letter (X, Y, Z) insteafl
number, e.g. XYX instead of 121.

2 A new value has been introduced for the
"ATTITUDE_TYPE" keyword:
EULER_ANGLE/DERIVATIVE

3 The order for quaternion components (real part firs
last) is now imposed by the standard.

4 The ATTITUDE_DIR keyword has been removed.
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ANNEX E
RATIONALE FOR ATTITUDE DATA MESSAGES

(INFORMATIVE)
E1 OVERVIEW

This annex presents the rationale behind the desfigeach message. It may help the
application engineer to select a suitable mess&gerections and/or additions to these
requirements are expected during future updates.

A specification of requirements agreed to by alttipa is essential to focus design and to
ensure the product meets the needs of the Membendles. There are many ways of
organizing requirements, but the categorizatiomegfuirements is not as important as the
agreement to a sufficiently comprehensive setthiln annex the requirements are organized
into three categories:

a) Primary Requirements: These are the most elemeatad necessary requirements.
They would exist no matter the context in which BESDS is operating, i.e.,
regardless of pre-existing conditions within theSIES or its Member Agencies.

b) Heritage Requirements: These are additional rements that derive from pre-
existing Member Agency requirements, conditionspneeds. Ultimately these carry
the same weight as the Primary Requirements. Hat®mmended Standard reflects
heritage requirements pertaining to some of thehrtieal participants’ home
institutions collected during the preparation of tocument; it does not speculate on
heritage requirements that could arise from othemiider Agencies.

c) Desirable Characteristics: These are not requingsnebut they are felt to be
important or useful features of the Recommendeddata.
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E2 PRIMARY REQUIREMENTS ACCEPTED BY THE ATTITUDE DATA

MESSAGES

Table E-1: Primary Requirements

Accepted | Accepted
Requirement for APM? | for AEM?

Data must be provided in digital form (computeeil Y Y
The file specification must not require of the iigt® agency the separafe N Y
application of, or modeling of, spacecraft dynamérsgravitational force
models, or integration or propagation.
The interface must facilitate the receiver of thessage to generate an Y Y
attitude state at any required epoch.
Attitude state information must be provided in derence frame that is Y Y
clearly identified and unambiguous.
Identification of the object must be clearly idéietl and unambiguous. Y Y
Identification of the center of attitude motion mibe clearly identified an N N
unambiguous.
NOTE — The specification of a center name is noguired for the

unambiguous specification of attitude but may lwvigled if desired,|
Time measurements (time stamps, time tags, or epochst be provided in a Y Y
commonly used, clearly specified system.
The time bounds of the attitude ephemeris mustiaenbiguously specified. N Y
The standard must provide for clear specificatibarits of measure. Y Y
Files must be readily ported between, and usealithiny all Member Y Y
Agency computational environments that could beluseexchange Attitude
Data Messages.
Files must have means of being uniquely identifed clearly annotated. Y Y
The file name alone is considered insufficienttfos purpose.
File name syntax and length must not violate compabnstraints for thosg Y Y
Member Agency computing environments that couldubed to exchange
Attitude Data Messages.
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Table E-2: Heritage Requirements

Accepted | Accepted

Requirement for APM? | for AEM?
A complete attitude ephemeris, not subject to irstegn or propagation b N Y
the customer, must be provided.
The standard is, or includes, an ASCII format. Y Y
The standard does not require software suppliesthr agencies. Y Y

Table E-3: Desirable Characteristics
Accepted | Accepted

Requirement for APM? | for AEM?
The standard applies to non-traditional objectsshsas landers, rovers, Y Y
balloons, and natural bodies (asteroids, comets).
The standard allows attitude states to be providexher than the traditional Y Y
EME2000 inertial reference frame; one example ig timternational
Astronomical Union (IAU) Mars body-fixed frame. n(lsuch a case,
provision or ready availability of supplemental dnhation needed t
transform data into a standard frame must be aechg
The standard is extensible with no disruption tistng users or uses. Y Y
The standard is consistent with, and ideally a pérattitude products ang N N
processes used for other space science purposes.
The standard is as consistent as reasonable wjthetated CCSDS attitude Y Y
standards used for earth-to-spacecraft or spate¢orapacecraft
applications.
The standard allows for the specification of theumacy of the attitude Y Y
solution.
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E3 APPLICABILITY OF CRITERIA TO MESSAGE OPTIONS

The selection of one particular message will depemthe optimization criteria in the given

application. Tablg&-4E-4compares the two recommended messages in tertine oflevant { code de champ modifié

selection criteria identified by the CCSDS:

Table E-4: Applicability of the Criteria to Attitu de Data Messages

Applicable | Applicable
Criteria Definition to APM? to AEM?

Modeling Fidelity Permits modeling of any dynamic N Y
perturbation to the attitude.

Human Readability | Provides easily readable message Y Y
corresponding to widely used attitude
representations.

Remote Body Permits use for assets on remote solar Y Y
Extensibility system bodies.

Lander/Rover Permits exchange of non-orbit attitudes. Y Y
Compatibility

E4 SERVICES RELATED TO THE DIFFERENT ATTITUDE DATA MES SAGE
FORMATS

The different attitude data messages have beemglighed by their self-interpretability.

Both attitude data messages provide for recognittiedboundaries of the attitude data fields
and thus can transfer each field, as a block, tahan location. The different services that
can be achieved without special arrangements batwsers of the CCSDS attitude data

messages are listed in taplegE-& { code de champ modifié

o ‘[ Mis en forme : Anglais (Etats-Unis)

Table E-5: Services Available with Attitude Data Messages

Applicable to | Applicable

Service Definition APM? to AEM?
Absolute Attitude| State availability at specific times for use in giddal Y Y
Interpretation | computations (geometry, event detection, etc.).
Relative Attitude | Trajectory comparison and differencing for events  Only at time Y
Interpretation | based on the same time source. specified at Epoc

CCSDS 504.0-B-1 Page E-4 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

ANNEX F
ITEMS FOR AN INTERFACE CONTROL DOCUMENT

(INFORMATIVE)

In several places in this document there are nefe®to items which should be specified in
an ICD between agencies participating in an excbarfgttitude data. The ICD should be
jointly produced by both agencies participatingaincross-support activity involving the

transfer of attitude data. This annex compiles¢hr@commendations into a single list.

Table F-1: ltems Recommended for an ICD

Section
ICD Item Trace
1 | ADM and AEM file naming conventions. 3.14
413
2 | Method of exchanging ADMs (transmission). 1.2.2
314
413
3 | Definition of attitude accuracy requirements aieing to data in an ADM  1.2.1
as well as attitude dynamics modeling. 3.1.2
5.8.2.2
4 | Specific APM and/or AEM version numbers that Wil exchanged. 3.26.1
426.1
5 | Format on values used for the ‘ORIGINATOR’ keydior table
3-13-1 |
table
4-24-2 |
6 | Values used for the ‘OBJECT_ID’ keyword for casdeen the value is table
not published in the international designatorstisthe UN Office of 3-23-2
Outer Space Affairs (referenf®lf2)). =~ | table | | ~-{Misenforme : Couleur de police : Automatique )
4-34-3
7 | Values and definition of the 'FRAME_* keywordslbie used in ADM 3.24
exchanges, if the value is not given in annex B.
8 | Convention for values of the ‘SPIN_ANGLE’ keywdfahot expressed in  3.2.4 ) )
referencg4ipmd4y. | J | | Code de champ modifié |

~ 7 Mis en forme : Couleur de police : Automatique, Vérifier
I'orthographe et la grammaire

! The greater the amount of material specified @, the lesser the utility/benefit of the ADM (cost
programming will be required to tailor software fmach ICD).
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Section
ICD Item Trace
9 | If floating-point numbers in extended-single gtemded-double precision 5.6.5
are to be used, then discussion of implementafi@gific attributes is
required.
10| Information which must appear in comments for aivgig ADM 5.8.1.3
exchange.
11 | Whether the format of the ADM will be KVN or XML 123
12 | A reference orientation should be specified in@D If a body-fixed
frame is to be used for the specification of Ealegles. For instance,
demonstrating the alignment of the body axes withlocal orbit frame o
an inertial frame that gives a context to interphetEuler angle data.
13
14 | Provisions that are made to ensure informationrigcu ANNEX |
15| Values used for those keywords listed in annex Brwihose values are B
different from those given in annex B.
16 | Specification of interpretation of MET, MRT and SICLif to be B2
exchanged, and how to transform it to a standadldinee system such as
UTC, TAI, etc. An ICD should specify that elapsiays are to be used
for epochs, with year starting at zero.
17 | Exact specification of reference frames used insawgss, if different from B4
those specified in annex B.
1 XML implementation awaiting approval as a standard
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ASCII American Standard Code for Information Intexnge

ADM Attitude Data Message

AEM Attitude Ephemeris Message

APM Attitude Parameter Message

CCIR International Coordinating Committee for RaBiequencies
CCSDS Consultative Committee for Space Data Systems
EME2000 Earth Mean Equator and Equinox of J2000egdiDate 2000)
GPS Global Positioning System

IAU International Astronomical Union

ICD Interface Control Document

ICRF International Celestial Reference Frame

IEC International Electrotechnical Commission

ISO International Organization for Standardization

ITRF International Terrestrial Reference Frame

KVN Keyword = Value Notation

LVLH Local Vertical Local Horizontal

NTW Normal, Tangential (to velocity vector) and Rl to Orbit Plane
ODM Orbit Data Message

OEM Orbit Ephemeris Message

OPM Orbit Parameter Message

TAI International Atomic Time

TCB Barycentric Coordinated Time

TDB Barycentric Dynamical Time

TDM Tracking Data Message

TOD True Equator and Equinox of Date

TT Terrestrial Dynamical Time

uTC Coordinated Universal Time

XML eXtensible Markup Language
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ANNEX H
INFORMATIVE REFERENCES

(INFORMATIVE)
[H1] XML Schema Part 2: Datatypes2nd ed. P. Biron and A. Malhotra, eds. W3C
Recommendation 28. n.p.: W3C, 2004.

[H2] Standard Frequencies and Time Signaléolume 7 ofRecommendations and Reports
of the CCIR: XVIIth Plenary Assemblgeneva: CCIR, 1990.

[H3] Organization and Processes for the Consultative @itae for Space Data Systen®CSDS
A02.1-Y-4. Yellow Book. Issue 4. Washington, D.CCSDS, April 2014.

[H4] Navigation Data—Definitions and ConventionsReport Concerning Space Data
System Standards, CCSDS 500.0-G-2. Green Bookuel8. Washington, D.C.:
CCSDS, May 2010.

NOTE — Normative references are provided in 1.5.
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ANNEX |
SECURITY, SANA, AND PATENT CONSIDERATIONS

(INFORMATIVE)

Al SECURITY CONSIDERATIONS
Al.1 ANALYSIS OF SECURITY CONSIDERATIONS

This subsection presents the results of an analysiscurity considerations applied to the
technologies specified in this Recommended Standard

Al1l.2 CONSEQUENCES OF NOT APPLYING SECURITY TO THE
TECHNOLOGY

The consequences of not applying security to thetesys and networks on which this
Recommended Standard is implemented could inclotienfial loss, corruption, and theft of
data. Because these messages are used in colbsiodance analyses and potential
maneuvers, the consequences of not applying sec¢arihe systems and networks on which
this Recommended Standard is implemented couldudecicompromise or loss of the
mission if malicious tampering of a particularlyweee nature occurs.

A1.3 POTENTIAL THREATS AND ATTACK SCENARIOS

Potential threats or attack scenarios includeabainot limited to, (a) unauthorized access to
the programs/processes that generate and inténgretessages, and (b) unauthorized access
to the messages during transmission between exehgagtners. Protection from
unauthorized access during transmission is espeamportant if the mission utilizes open
ground networks, such as the Internet, to provideumg-station connectivity for the
exchange of data formatted in compliance with fRé&€ommended Standard. It is strongly
recommended that potential threats or attack smEnaapplicable to the systems and
networks on which this Recommended Standard is @mphted be addressed by the
management of those systems and networks.

Al.4 DATA PRIVACY
Privacy of data formatted in compliance with theedfications of this Recommended

Standard should be assured by the systems and mkstwa which this Recommended
Standard is implemented.
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Al5 DATA INTEGRITY
Integrity of data formatted in compliance with tlpecifications of this Recommended
Standard should be assured by the systems and rkstwa which this Recommended
Standard is implemented.

Al1.6 AUTHENTICATION OF COMMUNICATING ENTITIES

Authentication of communicating entities involved the transport of data which complies
with the specifications of this Recommended Stashddmould be provided by the systems
and networks on which this Recommended Standancbiemented.

Al.7 DATA TRANSFER BETWEEN COMMUNICATING ENTITIES

The transfer of data formatted in compliance whis tRecommended Standard between
communicating entities should be accomplished @euse mechanisms approved by the
Information Technology Security functionaries otkeange participants.

Al.8 CONTROL OF ACCESS TO RESOURCES

Control of access to resources should be managethébgystems upon which originator
formatting and recipient processing are performed.

Al.9 AUDITING OF RESOURCE USAGE

Auditing of resource usage should be handled byrtheagement of systems and networks
on which this Recommended Standard is implemented.

A1.10 UNAUTHORIZED ACCESS

Unauthorized access to the programs/processesgémarate and interpret the messages
should be prohibited in order to minimize potentiakats and attack scenarios.

Al.11 DATA SECURITY IMPLEMENTATION SPECIFICS

Specific information-security interoperability pisions that may apply between agencies

and other independent users involved in an exchahgata formatted in compliance with
this Recommended Standard could be specified ICBn

A2 SANA CONSIDERATIONS
The following ADM related items will be registeredth the SANA Operator. The
registration rule for new entries in the regissyhe approval of new requests by the CCSDS
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Navigation Working Group chair. New requests fas tiegistry should be sent to SANA
(mailto:info@sanareqistry.org).

e The ADM XML schema

* A transform from the ADM XML to the ADM KVN version

A3 PATENT CONSIDERATIONS

The recommendations of this document have no patsmes.
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